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INTRODUCTION 


As the range of applications and consequently the 
usage, of the microprocessors steadily increases, the 
need for more efficient interfacing also increases. The 
cost advantage of using a microprocessor can easily be 
lostifan I/O interface ends up involving large quanti- 
ties of IC’s, discretes, PC board space, and design time. 
One of the most common output requirements is that of 
an analog output signal controlled (digitally) by the 
microprocessor system. Applications of this type include 
instrumentation control (feedback process control), 
waveform generation, sound synthesis, programmable 
power supplies, and many more. 


Because of the wide variety of microprocessors 
available, each with its own unique data and address 
pinout structure and timing requirements, it would be 


impractical to develop a DAC which can connect direc- 


tly to the data and address buses. Instead there has 
been developed a class of DACs which incorporate the 
commonly used circuits necessary for microprocessor 
interfacing, thus easing the design problems involved. 





In order for a DAC to be considered microprocessor 
compatible, two items are necessary: 1) Latches on the 
digital input lines; and 2) an Enable input. The latches 
are necessary (preferably double latched) so that the 
analog section of the DAC is isolated from the ever 
changing data bus. The Enable inputis activated bya 
combination of address decoding and pertinent timing 
signals while the processor is in the “Write” mode. In 
this way the DAC is made to appear as a write-only- 
memory at a specific location. 

Motorola’s MC6890 microprocessor compatible cur- 
rent output DAC has been designed to meet the above 
requirements by incorporating two input latches anda 
Latch Enable signal. In addition, the MC6890 con- 
tains a precision (low TC) reference supply, reference 
amplifier, bipolar offset and span resistors suitable for 
use with an external op amp forcurrent to voltage con- 
version. The span and reference resistors, which track 
each other over temperature, are matched by laser 
trimming, in order to guarantee a voltage output 
accuracy of 0.5%. 
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DAC THEORY 


In it’s basic form, a Digital-to-Analog Converter 
(DAC) provides an analog current, or voltage, whichis 
proportional to a digital input. Various factors to con- 
sider when selecting and implementing a DAC are: 

1. Output Range. 
2. Resolution. 
Input Code (binary, BCD, 2’s complement, etc.). 
Accuracy. 
Power Supply Requirements. 
Settling Time. 
Control Signals. 
Reference Amplifier Characteristics. 
9. Reference Voltage/Current Requirements. 

DAC’s are generally available as modules (con- 
structed of discrete components), hybrid integrated 
circuits, and monolithic integrated circuits. Until the 
mid-1970’s, a comparison of the three types could be 
represented by the following: 
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THe Advantage Disadvantage 
Module High-Speed, High-Cost, Large 
High-Resolution | Physical Size 
Hybrid Small Size High-Cost 7 
Monolithic Sinai Size, PowlRessluben. 


Low-Cost Low Accuracy 





However, recent advances in manufacturing pro- 
cesses have resulted in the development of 8, 10 and 
12-bit monolithic DAC’s which are accurate over the 
full temperature and parametric ranges, while main- 
taining small size (Dual Inline Package), and low cost. 
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A Generic Microprocessor-Compatible DAC 

In a microprocessor system application, the analog 
section of a DAC should be buffered (and preferably 
double-buffered), by means of latches, from its digital 
inputs. This prevents the output from tracking the data 
bus except when specifically directed to do so by the 
microprocessor. The only external hardware necessary 
should be that required for address decoding, and 
enabling of the DAC. 

Figure 2-1 shows an example of a generic 8-bit DAC 
for use with microprocessors. The Bus Register and the 
DAC Register are level active latches, but differ in the 
polarity for which their Latch Enable inputs are active. 
The Bus Register is transparent when Latch Enable is 


low, and latched when Latch Enable is high. The DAC 


Register is transparent when the Latch Enableis high, 
and latched when Latch Enableis low. The effect of the 
two registers acting in tandem is that of a single edge-- 
sensitive latch which latches input data only during 
the rising edge of Latch Enable (see Figure 2-2). Data 
present on the inputs at other times will not affect the 
analog output. The (8) outputs of the DAC register are 
used to switch (8) current sources. Each switch may be 
visualized as a single-pole, double-throw switch, one 
side of which is summed into the output node (Ioyt), 
while the other is typically tied to ground. Each current 
source is binarily weighted with a value equal to 21x I, 
where 1 is the bit number (0 to 7), and I is the current 
value of the least significant bit (LSB). The sum of the 
currents steered to Ipyt is therefore directly 
proportional to the value of the digital input. 

In some DAC’s, the second side of the single-pole, 
double-throw switches are summed together and 
brought out to an auxiliary output labelled Igy. This 
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output is sometimes incorporated in current-to-voltage 
converters to produce various ranges at the output. 
Because the MC6890 incorporates a variety of span and 
offset resistors, several unipolar and bipolar ranges 
can easily be produced without the need for the [5,4 line. 
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Operational Amplifier Considerations 

Because it’s generally faster (and easier) to switch 
currents rather than voltages, most DAC’s output a 
current whose amplitude is proportional to the digital 
input. This current may then be converted toa voltage 
by using an operational amplifier. Because of power 
dissipation, speed considerations, and performance 
tradeoff, the op amp has generally not been included 
on-chip with the DAC. 

Another advantage inherent in using an external op 
amp is the ease of producing an output configuration 
which meets voltage range and current drive require- 
ments of the user. The output characteristics of the 
DAC/op amp will be limited primarily by the gain, 
speed, and supply voltage of the op amp. Voltage 
swing and offset are set by the ratio of the reference 
input and the feedback resistors, and is basically 
independent of the DAC current output. 

When choosing an op amp, the user should prefer- 
ably select a unit with a high input impedance and low 
voltage offset. The reasons for this can be seen through 
an analysis of the typical DAC/op amp combination 
shown below. 





Figure 2-3 





The ideal op amp is assumed to have infinite input 
impedance, zero input bias current, infinite gain, and 
zero input offset voltage. 

In this case: 


I = | 
tout FB (Equation 1) 


VoUdeal) = RB ~* Tout 


Ifthe op amp has a non-zero voltage offset and input 
bias current, then the model is modified as follows: 





Figure 2-4 


TFB = ITB + lout (Equation 2) 


Vout = RFB lout + RFBIIB+ VOS 


The second and third terms of Equation 2 represent 
a voltage offset caused by the non-ideal input charac- 
teristics of the op amp. 

Considering the effects of a finite DAC output impe- 
dance yields the following model: 





Figure 2-5 


In this case: 

Ire =l + Po eT 
HB out TR ALB (Equation 3) 
Vout = RFB lout + VoS (1 + REB/RDAC)+ RFBIIB 


If RDAC is large (several megohms), the VOs multi- 
plier can reduce to 1, and the relationship is essentially 
the same as the one in the previous example. If RDAC 
is small, the error term can become significant. It is 
notable, however, that the DAC output impedance is 
significant only if the op amp has an appreciable off- 
set voltage (in the above example). 


Considering the effects of finite open-loop gain in 
the op amp yields the following model: 





Figure 2-6 


The voltage at point A is equal to: VOs- 
(Vout/Ay); this gives us: 


Vout = RFBlout + (VOS - Vout/AV) 
(1+ REB/RDAC) + RFBUB 


After rearranging this yields: 
(Equation 4) 


RFBlout + VoS (1 + RFB/RDAC) + RFEBIIB 


Vant= 
ee 1+(1+RFB/RDAC)/AV 
where: RFB = the op amp feedback resistance 
AV = the op amp open-loop gain 
Vos = the op amp offset voltage 
IlB = the op amp input bias current 


RpDAC = the output impedance of the DAC 


The effects of Equation 4 can best be seen by the way 
of several examples. Each of the following examples 
considers the circuit of Figure 2-6 with an RFR of 10 kQ. 


250 
Full scale Ioyzis 1.9921875 (2 rN therefore the ideal 


full scale output voltage is 19.921875 V. One LSB 
corresponds to 78 mV (for an 8-bit DAC). 


Case 1: 

RDAC = 5.0 MO 

AV = 50,000 (94 dB) 
Vos = 2.0 mV 

IIB = 50 pA 


Vout(full scale) = 
(10 k) (1.992 mA) + (2.0 mV) G + ok) + (10k) (50 pA) 





10 
Tar Gh ) 
oM 
90,000 
= 19.922 V 


Possible full scale error is 0.00063% 


Case 2: 


RDAC = 5.0 MO 
Av = 5000 (74 dB) 


Vos = 10mV 
IIB = 250nA 


Vout (full scale) = 19.929 V 
Possible full scale error is 0.0357% 


This is considerably greater error than that of the 
first example, butis still well within the limits required 
for 8-bit accuracy. 


Case 3: 

RDAC = 500 0 

Av = 50,000 (94 dB) 
Vos = 2.0mV 

IIB = 5O pA 


Vout(full scale) = 19.954 V 
Possible full scale error is 0.16% 


This error is still within the limits of 8-bit accuracy, 
butis close to the standard maximum limit of 1/2 LSB 
error. This example illustrates the magnitude of impor- 
tance that output impedance plays on offset error. The 
error was increased by over 250 times!!! 


Case 4: 

RDAC = 500 2 

Av = 5000 (74 dB) 
Vos = 10mV 

IIB = 250 nA 


Vout(full scale) = 20.048 V 
Possible full scale error is 0.633% 


An analysis of the above examples and Equation 4 
will show the major gain error contributors are high 
Vos and low RpAc. Although offset voltages and 
currents can be nulled at a given temperature, errors 
will occur with temperature variations, with higher 
drifts generally occurring on devices with the higher 
initial offsets. DAC’s with high output impedance are 
more forgiving of op amp’s VQ§ than those with low 
output impedance, and make the error factors easier to 
contend with. 

The effect of low open-loop gain on the total DAC 
system gain can be adjusted by tweaking the feedback 
resistor or the reference input resistor. 

The requirements of the overall system will dictate 
op amp speed parameters, which must be considered 
by the designer. Whereas most current output DAC’s 
settle fast, on a relative basis (200 ns for the MC6890), 
the addition of an op amp can stretch out the settling 
time by an order of magnitude. The settling time of 
an op amp can be generally divided into: 1) propa- 
gation delay; 2) slew rate; 3) overshoot; 4) recovery. 
These factors will be determined and affected not only 
by the choice of op amp, but also by temperature, 
closed loop-gain, load, load reactance, power supply 
voltages and impedance, and input slew rate. The 
propagation delay is usually relatively short, and can 
be considered part of the overall pipeline delay. This 
becomes critical only in very high speed applications, 


—?” 


such as with video and radar compatible DAC’s. Slew 
rate is a dominant limiting factor since the op amp 
cannot change any faster than the slew rate permits, 
no matter what the input signal looks like. Whereas a 
high slew rate may be desirable, it usually causes 
overdrive of the op amp during large signal response, 
and results in excessive overshoot. Overshoot may be 
undesirable if the DAC is part of an ADC system, or it 
may be of no consequence if the output is used to con- 
trol loads with response time of milliseconds or 
seconds (e.g., machinery). The designer must decide 
how much overshoot is tolerable. System settling time 
is the time required for the output signal to enter into 
and stay within a specified error band (usually 1 LSB). 
Settling time is usually determined by the desired 
system accuracy. 

An approximation of the DAC/op amp system 
response time can be obtained from the equation: 


ts (DAC system) = V tg4 (DAC) + tg2 (op amp) 


where the right-hand terms are the individual response 
times of the DAC and of the op amp. 

In selecting an op amp, it may be necessary to com- 
promise between bandwidth and stability. Low priced 
general purpose op amps generally offer one, but not 
both. However, high performance op amps, along with 
careful PC board layout, can provide both speed and 
repeatable accuracy. When selecting, one should be 
chosen which has settling time specified. Slew rate 
specs (by themselves) may be misleading since many 
high slew rate op amps have poor settling character- 
istics. 


PC Board Considerations 

It is commonly known that in high-frequency appli- 
cations, a good PC board layout is necessary in order 
to minimize stray capacitances. Lack of proper design 
can result in crosstalk, oscillations, and/or long set- 
tling times. In the implementation of a DAC, with or 
without an external op amp, the analog and digital 
signal characteristics must each be considered in the 
design of the PC board, if optimum performance is to 
be obtained. 

On the digital side, the signals sent to the Data 
Input and the Enable pins are always step changes 
with high-frequency components, regardless of the 
rate at which data is being sent to the DAC. With 
digital circuitry operating at higher and higher 
speeds, and with sharper edges, it may be necessary to 
consider transmission line theory. The PC board 
layout should preferably include Microstrip or Strip- 
line techniques, and proper terminations should be 
employed. Adequate ground planes are necessary to 
minimize crosstalk. Failure to observe good design 
practice can result in slow rise times at the inputs, and/ 
or reflections, both of which will reduce the maximum 
speed of the system, and possibly result in incorrect 
data being latched into the DAC. 

On the analog side, it must be remembered that 
while the output is considered an analog signal, it 
actually changes in discrete steps, and is therefore 





similar to a digital signal in terms of frequency com- 
ponents. [f minimum settling time is desired, the out- 
put signal path, if more than a few inches long, should 
be designed with a known characteristic impedance, 
and terminated properly. The high-frequency response 
of the op amp must be considered during implementa- 
tion, since it will generally operate at a high slew rate, 
even for small changes. | 

As a general rule, the analog and digital grounds 
must be routed independently. A PC board containing 
several TTL or ECLIC’s can have spikes of 100 mV or 
greater on the digital ground line, due to the current 
switching. While these spikes are generally not detri- 
mental to the digital IC’s, the analog section can, and 
usually does, pass on the spikes to the output if the 
grounds are combined. In asystem using an 8-bit DAC 
with a 10 V FS output, 8-bit accuracy would be impos- 
sible (1 LSB = 39 mV). 

A summary of design guidelines are: 


1. Power and signal lines should run perpendicular 
to each other to minimize crosstalk. 


2. Ground tracks can be placed between analog and 
digital lines, also to minimize crosstalk. 


3. Use bypass capacitors to decouple all supplies at 
every IC, and at the DAC reference output. 


4. Use separate voltage supplies for the analog and 
digital sections. 


5. Analog and digital grounds should be connected 
at one point only, preferably at the power supply. 


6. Ground planes are a must in order to minimize 
crosstalk and noise susceptibility. 


Common DAC Problems 


1. Glitches: 

All DAC’s are subject to a number of imperfections 
which appear as output errors. Momentary errors 
(glitches) generally occur during the transfer of infor- 
mation between registers, and can be illustrated as 
follows: 

A typical latch cell is depicted in Figure 2-7. During 
the change from transparent to latch, VA changes 
from high to low, VA goes high, and current flow is 
transferred from Q5 to Q6. During this transition, the 
currents in Rl and R2 may vary momentarily (the digi- 
tal information is not lost) due to parasitic capacl- 
tances. When the transition is complete, the currents 
return to their original values. Since the voltages at 
nodes 1 and 2 drive the DAC switch transistors (not 
shown), the glitch can be propagated (though atten- 
uated) through to the output. See Figure 2-8. 

When the outputs of the DAC register are changed 
to anew digital code, another type of glitch can result 
from the difference in switching times of the transis- 
tors. Normally the high-to-low switching time (tH],) 
is different than the low-to-high switching time (t],H). 
In the case of an 8-bit DAC, the glitch can be most 
apparent when switching from 01111111 to 10000000 
or from 10000000 to 01111111. In the case where tH 
is less than ty, bit 8 will switch high before the other 
seven bits have had achance to switch low. The output 





Figure 2-7 — Typical Register Cell 





Figure 2-8 


current will momentarily move towards full scale value, 
and then return to its correct value (see Figure 2-9b). 
If tl,H is greater than ty], the output current will 
move towards zero before returning to its correct value 
(see Figure 2-9c). If the energy of the glitch 1s too great, 
deglitching the output is necessary. A commonly used 
method of deglitching is to use a track-and-hold cir- 
cuit which is put into the hold mode during the DAC’s 
latching process. 

Feedthrough errors occur when the digital inputs 
(normally connected to the microprocessor data bus) 
are changed while the latch enable signal is held con- 
stant. While the DAC’s registers isolate the digital 
input lines from the current generating section, stray 
capacitances can allow transitions to couple through 
to the analog output. While the circuit board designer 
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Figure 2-9 


cannot change the capacitances within the integrated 
circuit, total feedthrough can be minimized by good 
PC board layout design. 


2. Thermal Effects 
Thermal effects can be classified into two categories: 
a. those due to ambient temperatures. 
b. those due to thermal gradients within the IC. 

A varying ambient temperature will affect full scale 
accuracy, linearity and offset. Full scale accuracy 
depends on the stability of the reference, and of each 
current source. Drift is minimized by proper circuit 
design so that various temperature effects cancel each 
other. Linearity (and monotonicity) are dependent on 
the relative value of each current source (each bit must 
produce twice the current of the next lower order bit). 
Careful scaling of the transistors to maintain equal 
VBE’s, and using resistors with similar temperature 
coefficients (TC) will ensure that the current sources 
track each other over temperature. Offset is a function 
of leakage, which normally increases with tempera- 
ture. This is controlled by careful transistor design 
and manufacturing process. 

Thermal gradients normally exist within any 
integrated circuit, and proper layout of the circuit 
pattern is necessary in order to minimize their effects. 
Isoplanar design techniques are used in the MC6890 so 
that the gradients are predictable and controllable. 
The current steering technique employed by the 


MC6890 ensures that the current sources are opera- 
- tional at all times, thus insuring stable operation of 
the sources. Thisin turn greatly improves the stability 
of the voltage reference and of the reference amplifier. 
The overall gain accuracy is determined largely by the 
relative values of the reference input resistors, and 
the op amp feedback resistors, as well as those in the 
current sources. The MC6890 provides all of the neces- 
sary resistors on-chip, and they are functionally com- 
parable to discrete resistors of the highest quality 
available today. They are manufactured to tight toler- 
ances, with very closely matched TC’s thus ensuring 
tracking over temperature. 


THE MC6890 


Description 

The MC6890 is an 8-bit double buffered DAC designed 
for use with microprocessors. It’s digital inputs are 
TTL compatible, and requires 2 power supplies (+5, -5 
to -15 V). The MC6890 output current is directly pro- 
portional to its binary digital input multiplied by its 
reference current. The output current can be converted 
to a voltage via an external op amp, and feedback and 
bipolar offset resistors are provided on-chip for this 
purpose (this ensures that all DAC resistors are ther- 
mally matched). The MC6890 has its own internal volt- 
age reference for the current sources. This reference 
is available at the REFOUT pin, which is normally 
connected to the REF]N pin via a 100 ohm external 
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trim resistor. A reset function is provided so that hard- 
ware can override software and effectively force all 
inputs to zero. 


Functional Pin Description (See Figure 38-1) 

1. DO-D7,; Eight TTL compatible input data lines. 
The binary word must be valid at least 40 ns before the 
rising edge of Enable. 

2. Enable: Active low, the rising edge latches the 
data into the DAC. Invalid data during Enable low will 
not affect the DAC output. Enable must be low a mini- 
mum of 20 ns. 

3. REFOQUT, REFIN: REFQOUT is the low TC 2.5 
volt reference. It supplies 0.56 mA normally required at 
the REF JN input and can supply an additional 15 mA 
for external use. Inputimpedance at REFN is a nomi- 
nal 4950 ohms. A nominal 50 ohm resistor is required 
externally to meet gain specs. 

4. Reset: Normally high, a low will force the DAC 
register and output to zero. This input is level sensi- 
tive, and Enable should be high when Reset is low. 

5. Iout: The DAC output current (current flow is 
into the DAC). The value of Ipyz¢is [4x IRE RF A/256], 
where A is the binary input. 

6. Analog and Digital Grounds: Completely 
separate ground pins for the DAC’s analog and digi- 
tal sections. The PC board layout should keep the 
grounds separate up to the power supplies. 
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Figure 3-1 — Block Diagram 


7. Bipolar Offset: A 2475 ohm resistor connected 
to the Ipyt pin. When connected to the REFOUT (via 
an external 25 ohm trim resistor), the current output 
is offset by 1.0 mA (1/2 full scale) resulting in bipolar 
operation. 

8. 10 V and 20 V Span: The 5.0 kO resistors used 
for op amp feedback. See Applications Section for 
information. Laser trimming ensures accuracy of the 
resistor values and low TC design ensures stability. 
Judicious use of these resistors, along with the inter- 
nal reference supply for the reference current, will 
result in overall stable operation. 


Inspection of the MC6890 data sheet will show that 
the full scale Ipnyt can vary by as much as 25% from 
device to device. Similarly, it can be seen that the refer- 
ence input resistor can vary by as much as 25%, as do 
the span resistors. While these facts may indicate that 
it is impossible to obtain consistency on a production 
line employing the MC6890 without the use of trim- 
ming resistors, a close look at the operation of the 
MC6890 will show that this is not so. The value of 


Tout 18: 
Tout = (VREF/RREF) x G 


where VREF = DAC reference voltage (2.5 V, +25 mV) 
RREF = Reference input resistance (4950 0, 
+25%, -20%) 
G = Current gain of the DAC (pyt/IREF) 


Included in G is the digital input multiplier which 


varies from —— to —— in 256 steps. The G term also 
256 256 


contains a constant, which for the MC6890 is 4. 
When the MC6890 is used with an op amp, the ideal 

output voltage (excluding error factors discussed pre- 

viously) is equal to RFB <x Ioyt. Applying the above: 


Vout = VREF * G* RFB/RREF 


It can be seen that the accuracy of the above expres- 
sion depends on two primary factors: 1) Theaccuracy 
of VREF (+25 mV); and 2) the RATIO of Rrp and 
RREF. While the actual value of the resistors may 
differ from the nominal by several percent, their rela- 
tive values are tightly controlled during manufacture 
by laser trimming. With this process, it is possible to 
obtain Voyt accurate to 0.5%. If greater full scale accu- 
racy is desired, only one trimming resistor is required 
(at the REF]N). 

The MC6890 uses stable SiCr resistors, with a tem- 
perature coefficient of typically less than 100 PPM/°C, 
anda tracking TC of less than 1 PPM/°C. When exter- 
nal trimming resistors are used, they should have low 
TC’s, and should beas low as possible in value, in order 
to minimize degradation of temperature response. 


Op-Amp Configurations 

Because it is generally used with an external op 
amp, the MC6890 is capable of being used in systems 
with a variety of output voltage ranges. On-chip feed- 
back and offset resistors make MC6890/op amp con- 
figurations easy to build. A number of possibilities 
are presented here. 
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Figure 3-2c Figure 3-2e 
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Figure 3-2d Figure 3-2f 


SPECIFIC INTERFACE EXAMPLES 


This section presents sample interfaces for a num- 
ber of popular microprocessors. Each interface is pre- 
sented with a description of micro-computer signals of 
interest, as well as a timing diagram. Each interfaceis 
generalized so that it may be used with any of the op 
amp configurations presented in the previous section. 

Circuit diagrams have been simplified for clarity’s 
sake, showing only the pertinent signals. Bypass 
capacitors are not shown, but must be used on all 
voltage supply pins, as well as the Reference input and 
output pins of the MC6890. Address decoders are repre- 
sented as a block only. Specific examples of address 
decoders are shown in subsequent pages for the 
reader’s reference. 

For simplicity, the MC6890 Reset input is shown 
connected to the microprocessor Reset pin, so that the 
MC6890 is reset concurrent with the microprocessor. 
This means of connection is optional, as the MC6890 
Reset may be controlled by any other method suitable 
to the user, or disabled (connect to +5 V). 

The microprocessors discussed are: 





- MC6800 (Motorola) 

- MC6801 (Motorola) 

- MC6802/6808 (Motorola) 

- MC6805 (Motorola) 

- MC6809 (Motorola) 

- MC68000 (Motorola) 

- MCS6501 (MOS Technology Inc.) 
- 8080A (Intel) 

- 8085A (Intel) 

- TMS9900 (Texas Instruments) 
- Z80 (Zilog, Inc.) 

- Z8000 (Zilog, Inc.) 


Where a particular processor may be configured in 
more than one way, several of the configurations are 
presented. The user is to decide which one is the most 
applicable to his situation. If questions arise, the 
reader may contact the Linear Applications Division 
of Motorola, or refer to the Bibligraphy. 

The timing diagrams indicate the relative timing of 
the appropriate signals in each case. Actual time 
periods are not indicated, as this may vary from appli- 
cation to application. The reader should keep in mind 
that the intent, in each case, is to provide valid (stable) 
data to the MC6890 at the rising edge of the Enable 
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signal. Thedata must have been held stable for at least 
40 ns prior to this, but then may (if desired) change 
concurrent with the rising edge of Enable (hold time = 
0). Enable must have been low at least 20 ns. The Setup 
time, Hold time, Reset and Enable pulse widths do not 
have maximum times specified. The only restriction 
is that Reset and Enable not be low at the same time, 
as this will cause an indeterminate condition within 
the MC6890. 

Applications involving a microprocessor — DAC 
combination are limited only by the user’s imagina- 
tion. The programmable power supply, and the suc- 
cessive-approximation A-D converter described fur- 
ther on are only two of the many possibilities. Wave- 
form generation (and sound synthesis) is easily 
accomplished by storing the waveform values in 
memory, and then reading them out (to the MC6890) 
at arate consistent with the desired frequency. Process 
control can make use of the MC6890 in the feedback 
loop. Digital control of an ac signal consists of apply- 
ing the ac signal to the reference input, and digitally 
controlling the attenuation. The relationship: 








VREF < 4x Ax RFB 


Vout = RREF * 256 


(where VREF 1s the voltage applied to the REFjp pin; 
. A is the value of the digital input (0 - 255); 
REB is the op amp feedback resistor; 
RREF is the reference input resistance 
(~5000 12).) 


describes the transfer function of the MC6890, and pro- 
vides the information needed in order to manipulate 
the analog and digital signals to produce the desired 
output. | 

The current settling time of the MC6890 is typically 
200 ns. While the voltage settling time depends on the 
choice of op amp, 1-2 microseconds is generally attain- 
ablein mostcases. These settling times are faster than 
the update rate which most microprocessors can pro- 
vide, and so itis normally not necessary for the micro- 
processor to have to “wait” for the MC6890, — rather 
the converse is true. Thus the programmers are gener- 
ally free to have the microprocessor update the data to 
the MC6890 at maximum speed. 


Motorola MC6800 Interface 

The MC6800 is an 8-bit microprocessor which forms 
the basis for Motorola’s MC6800 family of parts. The 
MC6800 has 8 data and 16 address lines controlling a 
64K address space. It uses memory mapped I/O and 
requires two clock inputs. One of these, the phase 2 
clock, is normally used to 3-state the data bus for 1/2 
of each clock cycle. 


Signals of Interest: 

DBE (Input) — Data Bus Enable 

VMA (Output) — Valid Memory Address 
R/W (Output) — Read/Write 

Reset (Input) 





Definitions: 

DBE is the 3-state control for the data bus. Data outis 
valid only when DBE is high. DBE is normally con- 
nected to the phase 2 clock. 


VMA high indicates that a valid address is present 
on the address bus. 


R/W indicates the transfer direction on the data bus. 
A ‘1’ (high V) indicates a microprocessor read cycle, 
a ‘0’ (low V) indicates a microprocessor write cycle. 
The R/W line is used to prevent a false write to the Figure 4-1 — MC6800 - MC68390 Interface Timing 
MC6890 should the microprocessor inadvertently try 

to read that location. 





Reset is used to start the MC6800 from a power down 
condition and to reinitialize the microprocessor at 
any time after power up. It may be connected directly 
to the MC6890 Reset input, such that the MC6890 is 
reset every time that the MC6800 is reset. 















2.5 V 
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Reference 





MC6890 
R1 






MC6800 









DO-D7 







Data Bus 


VMA 







AO-A15 





[  nozoner 


Figure 4-2 — MC6800 to MC6890 Hardware Interface 
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Motorola MC6801 Interface 

The MC6801 is an 8-bit microcomputer belonging to 
Motorola’s MC6800 family of parts. The MC6801 
operates in up to eight distinct operating modes, rang- 
ing from the single chip modes where the MCU operates 
as a self-contained microcomputer, to the expanded- 
multiplexed modes which can control up to 64K of 
external memory via a multiplexed address/data bus. 
The MC6801 uses memory mapped I/O, has a built-in 
serial interface, and requires only an external crystal 
to complete it’s internal clock generator circuit. 


Signals of Interest: 

kK (Output) — Enable 

R/W (Output) — Read/Write 

OS3 (Output) — Output Strobe 

AS (Output) — Address Strobe 

IOS (Output) — Input/Output Select 
Ports 3 and 4 (Input/Output) 


Definitions: 
Eis an output clock provided by the MC6801 for bus 
synchronization. The falling edge of E is used to trig- 
ger most data transfers in the expanded non-multi- 
plexed modes. 


R/W indicates the transfer direction on the data bus. 
A ‘1’ (high V) indicates a microprocessor read cycle; 
a ‘0’ (low V) indicates a microprocessor write cycle. 
The R/W signal appears on the MC6801’s SC2 pin 
during the expanded-multiplexed and expanded non- 
multiplexed modes. 


OS3 is utilized by the interface hardware to strobe 
output data while the MC6801 is in the single chip 
modes. It appears on the SC2 pin of the MC6801. 


AS appears on the MC6801’s SC1 pin during the 
expanded-multiplexed modes. It is the address strobe 
used to demultiplex the eight least significant address 
bits from the data bus. 


IOS provides an address decode signal for external 
memory while in the expanded non-multiplexed mode. 
It appears on the SC1 pin of the MC6801 while in this 
mode. 


Port 3 acts as an I/O port in the single chip modes, as 
a bidirectional 8-bit data bus in the expanded non-mul- 
tiplexed mode, and as a multiplexed address/data bus 
in the expanded-multiplexed modes. 


Port 4 contains the upper 8 bits of the address bus 
while the MC6801 is in the expanded-multiplexed 
modes. 


Interface Notes: 

The operation mode of the MC6801 is programmed 
upon power-up. Each of the interfaces mentioned is 
intended to operate in one of the three major modes 
(single chip, expanded non-multiplexed, and multi- 
plexed). An interface for one type of operation mode 
will probably not work in another type of mode. Speci- 
fic details of theinterfaces are port configuration 
dependent. 
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Port 3 Data Valid 
\ \ 





Figure 4-3 — MC6801 - MC6890 Interface Timing 
(MC6801 in Single Chip Mode) 
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Figure 4-4 — MC6801 - MC6890 Interface Timing For 
The Expanded Non-Multiplexed Mode 
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Figure 4-5 — MC6801 to MC6890 Interface Timing 
(MC6801 in Expanded-Multiplexed Modes) 
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Figure 4-6 — MC6801 to MC6890 Hardware Interface 
(MC6801 in Single Chip Mode) 
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Figure 4-7 — MC6801 to MC6890 Hardware Interface 
(MC6801 in Expanded Non-Multiplexed Mode) 
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MC6801 
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Figure 4-8 — MC6801 to MC6890 Hardware Interface 
(MC6801 in Expanded-Multiplexed Modes) 
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Motorola MC6802/MC6808 Interface 

The MC6802 and MC6808 are 8-bit microprocessors 
belonging to the MC6800 family of parts. The MC6802 
contains 128 bytes of on-board RAM, whereas the 
MC6808 does not. Otherwise they are very similar with 
8 data and 16 address lines apiece. Both use memory 
mapped I/O, and both have on-board clock circuits. 
For the purposes of the MC6890 interface, they are 
virtually identical. 


Signals of Interest: 

E (Output) — Enable 

R/W (Output) — Read/Write 

VMA (Output) — Valid Memory Address 
Reset (Input) 








Definitions: 

E is an output clock provided by the MPU for bus 
synchronization. The falling edge of E 1s used to trig- 
ger all data transfers by the microprocessor. 


R/W indicates the transfer direction on the data bus. 
A ‘1’ (high V) indicates a microprocessor read cycle; 
a ‘0’ (low V) indicates a microprocessor write cycle. 


VMA high indicates that a valid address is present 
on the address bus. 


Reset is used to start the MPU from a power down 


condition and to reinitialize the microprocessor at 
any time after power up. 


Data Bus 


¥ | Active High 


AO-A15 


MC6802 
or 
MC6808 


Address Decoder 


R1 
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Figure 4-9 — MC6802/MC6808 to MC6890 
Interface Timing 
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Figure 4-10 — MC6802/MC6808 to MC6890 
Hardware Interface 
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Motorola MC6805 Interface 

The MC6805 8-bit microcomputer has 64 bytes of 
on-board RAM, 2K bytes of user ROM, an on-chip 
clock circuit, and 32 input or input/output pins. The 
MC6805 does not have an address or data bus; it is 
almost totally self-contained. 

The MC6805 has few control signals and noinputor 
output strobe signals. The MC6890 interface shown 
below contains no external components. Simply con- 
nect the MC6890’s 8 data input lines to one of the 8-bit 
ports of the MC6805, connect the MC6890’s Enable 
input to one bit of one of the other ports, and the hard- 
ware interface is complete (the user may choose to tie 
the MC6805 Reset line to the MC6890 Reset input). 
This is a software intensive interface, and the user’s 
software is responsible for toggling the MC6890 Enable 
input and satisfying all setup time requirements. 





MC6805 


PAO-PA7 





General Program | 


Write to 8-Bit Port 


v 


Switch Enable Bit Low 


v 


Delay for MC6890 Setup Time 


Switch Enable Bit High 
Return to 


General Program oa 


Figure 4-11 — MC6805 Interface Software Flowchart 


Interface Notes: 

The MC6805 pin labels used are reflective of the 
MC6805R2/U2 varieties. The MC6805P2 version of 
this circuit would use pins AO-A7 and BO. 
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Figure 4-12 — MC6805 to MC6890 Hardware Interface 
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Motorola MC6809 Interface 

The MC6809 is a third generation member of 
Motorola’s MC6800 family of parts. The MC6809 has 8 
data and 16 address lines controlling a 64K address 
space. It uses memory mapped I/O, has an on-chip 
clock generator, and has several advanced addressing 
modes. 


Signals of Interest: 

E (Output) Enable 

R/W (Output) — Read/Write 
Reset 


Definitions: 

Eis the system clock provided by the MC6809 for bus 
transfer timing. Output data is valid on the falling 
edge of E. 


R/W indicates the transfer direction on the data bus. 
A ‘lV (high V) indicates a microprocessor read cycle; 
a ‘0’ (low V) indicates a microprocessor write cycle. 


Reset is used to start the MC6809 from a power down 
condition and to reinitialize the microprocessor at 
any time after power up. It may be connected directly 
to the MC6890 Reset input, such that the MC6890 is 
reset every time that the MC6809 is reset. 





MC6809 


DO-D7 Data Bus 


Address Decoder 


R/W =P 








Interface Notes: 

Two MC6809 interfaces are presented. One uses an 
address decoder which goes low when the MC6890 
address is present on the address bus; the other deco- 
der uses an active high decoder. They accomplish the 
same function, and the timing diagram in Figure 4-13 
applies to both. 
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Figure 4-13 — MC6809 - MC6890 Interface Timing 
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Figure 4-14 — MC6809 to MC6890 Interface Using 
Address Decoder With Active Low Output 
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Figure 4-15 — MC6809 to MC6890 Interface Using 
Address Decoder With Active High Output 
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Motorola MC68000 Interface 

The MC68000 is Motorola’s entry into the 16-bit 
microprocessor marketplace. The MC68000 has 24 
address lines controlling an address space of 16 Mega- 
bytes. It has 16 data lines and is capable of operating 
asynchronously or with MC6800 series peripherals 
in asynchronous fashion. As with all Motorola micro- 
processors, the MC68000 uses memory mapped I/O. 


Signals of Interest: 

E (Output) — Enable 

R/W (Output) — Read/Write 

VMA (Output) — Valid Memory Address 

VPA (Input) — Valid Peripheral Address 

AS (Output) — Address Strobe 

DTACK (Input) — Data Transfer ACKnowledge 
LDS (Output) — Lower Data Strobe 





Definitions: 
E is the output clock used to synchronize data trans- 
fers with MC6800 family peripherals. 


R/W indicates the transfer direction on the data bus. 
A ‘1’ (high V) indicates a microprocessor read cycle; 
a ‘0’ (low V) indicates a microprocessor write cycle. 


VMA low indicates that a valid memory address is 
present on the address bus during a MC6800 type data 
transfer. 


VPA is forced low by the peripheral device to indicate 
that it is a MC6800 family peripheral, and that the 
MC68000 should conform to MC6800 timing con- 
straints. 


AS low indicates that there is a valid address on the 
address bus. 


DTACK is forced low by the peripheral device during 
a microprocessor write cycle to indicate that the trans- 
fer is complete. 


LDS is forced low by the MC68000 during a write opera- 
tion to strobe data into the lower byte of the peripheral 
device. 


Interface Notes: 

Two MC68000 interfaces are presented. One uses a 
totally asynchronous interface between the MC68000 
and the MC6890. The other uses MC6800 type signals 
in a synchronous interface. The user’s system needs 
will dictate which interface should be used. 
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Figure 4-16 — MC68000 to MC6890 Asynchronous 
Interface Timing 
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Figure 4-17 — MC68000 to MC6890 Synchronous 
Interface Timing 
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Figure 4-18 — MC68000 to MC6890 
Asynchronous Interface 
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Figure 4-19 — MC68000 to MC6890 
Synchronous Interface 
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MOS Technology MCS6501 Interface 

The MCS6501 is MOS Technology’s answer to 
Motorola’s MC6800 microprocessor. Itis designed 
to be pin compatible with the MC6800, although some 
of the pin operations are not exactly identical to those 
of the MC6800. The MCS6501 VMA pin is internally 
tied high; all addresses are valid at all times. 

The MCS6501 has 8 data and 16 address lines which 
control a 64K address space. It uses memory mapped 
I/O and requires two clock inputs. One of these, the 
phase 2 clock, is normally used to 3-state the data bus 
for 50% of each clock cycle. 


Signals of Interest: 

DBE (Input) — Data Bus Enable 
R/W (Output) — Read/Write 
Reset (Input) 








Definitions: 

DBE is the 3-state control for the data bus. Data out 
is valid only when DBE is high. DBE is normally con- 
nected to the phase 2 clock. 


R/W indicates the transfer direction on the data bus. A 
‘1’ (high V) indicates a microprocessor read cycle; a ‘0’ 
(low V) indicates a microprocessor write cycle. 


Reset is used to start the MCS6501 from a power down 
condition and to reinitialize the microprocessor at 
any time after power up. It may be connected directly 
to the MC6890 Reset input, such that the MC6890 is 
reset every time that the MCS6501 is reset. 
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Figure 4-20 — MCS6501 - MC6890 Interface Timing 
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Figure 4-21 — MCS6501 to MC6890 
Hardware Interface 


Intel 8080A Interface 

The Intel 8080A was one of the first 8-bit micropro- 
cessors available. Intel manufactures a number of 
peripheral chips which supplement the 8080A signals, 
and are often used in 8080A based systems. The 8080A 
has 16 address lines which control a64K address space. 
There are another 8 lines which are multiplexed to pro- 
vide both data and status information. It can address 
256 I/O ports, and has 2 external clock inputs. 


Signals of Interest: 

Reset (Input) 

STSTB (Externally Derived Output) — STatus STroBe 
I/OW (Externally Derived Output) — I/O Write 
MEMW (Externally Derived Output) —MEMory Write 
WR (Output) — WRite 








Definitions: 
Reset high causes the 8080A program counter to be 
cleared to 0. 


STSTB is a clock generator output which is valid at 
the start of each machine cycle. STSTB is used to 
strobe status information from the data bus into the 
status latch. See the Intel databook and the ‘MCS-80 
User’s Manual’ for more information. 





I/OW and MEMW are data output strobe signals 
which are derived from the 8080A control signals. 


WR is used for I/O or memory write control. The data 
bus is stable when WR is low. 


R1 


Active Low 
Address 
Decoder 
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Data Bus 


Interface Notes: 

The interface shown utilizes the Intel 8228 system 
controller and bus driver to generate the MEMW sig- 
nal. Thus, this circuit treats the MC6890 as a memory 
location. I/OW is also an 8228 output, and can replace 
the MEMW output in instances where the MC6890 is 
treated as an I/O port. I/O addresses are contained 
on the lower 8 bits of the address bus. 
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Figure 4-22 — 8080A to MC6890 Interface Timing 
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Figure 4-23 — 8080A to MC6890 
Hardware Interface 
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Intel 8085A Interface 

The 8085A is a third generation 8-bit microprocessor 
which is software compatible with the Intel 8080A. The 
8085A uses a multiplexed address/data bus which can 
directly access up to 64K bytes of memory, and as 
many as 256 I/O ports. 





A8-A15 


X Address Valid* X 


ADO-AD7 


, 
Address Valid* Data Valid 
ee 





Signals of Interest: 

WR (Output) — WRite 

IO/M (Output) — I/O — Memory select 
ALE (Output) — Address Latch Enable 
Reset Out (Output) 









Definitions: 
WR low indicates a microprocessor write cycle. 


IO/M is an 8085A status signal which indicates whe- 
ther a read/write operation 1s accessing memory or 
I/O. 


ALE can be used to strobe status information, and to 
demultiplex the address/data bus. 


| 
Reset Out high indicates that the 8085A is being reset. aeaeee | 
It can be used to reset the MC6890. ———— \ 7, 
Enable | 
*If 1O/M is low, ADO-AD7 and A8-A15 will contain a 16-bit 
memory address. If it is high, then an 8-bit |/O address 
will be duplicated on both sets of pins. 


Interface Notes: 

Two 8085A interfaces are presented. One of these 
treats the MC6890 as a memory location; the other 
treats it as an I/O port. Figure 4-24 applies to both. Figure 4-24 — 8085A to MC6890 Interface Timing 

Pull-up resistors should be provided on any lines 
which may be 3-stated, such as WR or IO/M. 
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Figure 4-25 — 8085A to MC6890 Interface 
with MC6890 As I/O Port 
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Figure 4-26 — 8085A to MC6890 Interface with 
MC6890 As Memory Location 
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Texas Instruments TMS9900 Interface 

The TMS9900 has a 16-bit data bus and a 15-bit 
address bus. Memory is arranged as 2-byte words, so 
that 64K bytes of memory can be used in asystem. The 
TMS9900 has an on-chip serial [I/O port which can 
access up to 4K bits (which are selected by 12 bits on 
the address bus). 


Signals of Interest: 

READY (Input) 

WE (Output) — Write Enable 
MEMEN (Output) — MEMory ENable 
Reset (Input) 


Definitions: 


READY is normally supplied by the peripheral device 
to indicate that it is ready to receive data. 


WE is the TMS9900 data output strobe. 


MEMEN low indicates a valid address on the address 
bus. 





Reset low resets the TMS9900 and may be used to reset 


the MC6890. Figure 4-27 — TMS9900 to MC68390 Interface Timing 
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Figure 4-28 — TMS9900 to MC6890 Hardware Interface 
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Zilog Z80 Interface 

The Z80 is an 8-bit microprocessor with separate 
memory and I/O address space. The Z80 has an 8-bit 
data bus and a separate 16-bit address bus which is 
capable of addressing 64K bytes of memory. The lower 
8-bits of the address bus contain an 1/O address during 
anl/Ocycle. Thus, the Z80 can address up to 256 sepa- 
rate 1/O ports. 


Signals of Interest: 
WR (Output) — WRite — A low indicates that the data 
bus holds valid output data. 





IORQ (Output) — Input/Output ReQuest — A low 
indicates that a valid I/O address is on the lower 8 
bits of the address bus. 


MREQ (Output) — Memory REQuest — A low indi- 
cates that the address bus contains a valid address 
for a memory read or write operation. 


Reset (Input) — Used to initialize the CPU, and can be 
used to simultaneously reset the MC6890. 


Interface Notes: 

Two interfaces are presented. One treats the MC6890 
as a memory location for memory mapped I/O; the 
other treats it as an I/O port. 
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Figure 4-29 — 280 to MC6890 Interface Timing 
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Figure 4-30 — Z80 to MC6890 Interface Timing 
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Figure 4-31 — Z80 To MC6890 Interface With 
MC6890 As A Memory Location 
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Figure 4-32 — Z80 To MC6890 Interface With 
MC6890 As An I/O Port 
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Zilog Z8000 Interface 

The Z8000 is a 16-bit CPU which is available in 2 
versions. The major difference between the two is 
addressing range. The Z8001 1s available in a 48 pin 
package and has a direct addressing range of 8 mega- 
bytes. The Z8002 comes in a 40 pin package and can 
address 64K bytes directly. Both devices have a 16 
pin address/data bus. The Z8001 has an additional 
7-bit segment number available, which can be used as 
the upper 7 bits of the address bus. Memory is orga- 
nized as words, but can be addressed as either words 
or bytes. 

Both processors can be used in a normal or system 
mode. I/O instructions are not allowed in the normal 
operating mode, therefore the designer should treat the 
MC6890 as a memory location if it is intended to be 
accessed from the Z8000 normal mode of operation. 


Signals of Interest: 

B/W (Output) — Byte/Word 

R/W (Output) — Read/Write 

DS (Output) — Data Strobe 

MREQ (Output) — Memory REQuest 

SNO-SN6 (Outputs) — Segment Number 0-6 

AS (Output) — Address Strobe 

ADO-AD15 (Input/Output) — Address/Data lines 
Reset 


Definitions: 
B/W low indicates that the bus address is a word 
address. A high indicates that it is a byte address. 


R/W low indicates that a CPU write operation is 
taking place. 














DS is used to trigger the output data transfer in the 
MC6890. 


MREQ low indicates that memory and not I/O is being 
accessed. 


SNO-SN6 are present only on the Z8001. They can be 
used by a MMU to expand the addressing range of the 
Z8000. They are treated as additional address lines 
in the Z8001 interface shown here. 


Z8001 
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(74LS374 | Decoder 
es or | 
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pg MREQ| | >o 
Reset R/W| ee: 
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AS is used to demultiplex the address/data bus. The 
address is valid on the rising edge of AS. 


ADO-AD15 are the 16-bit multiplexed address/data 
bus. 

Reset low will reset the Z8000, and may be used to reset 
the MC6890. 


Interface Notes: __ 
The NAND gate B/W input may be ignored in some 
instances, depending upon the address decode strategy. 
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Figure 4-33 — Z8000 to MC6890 Interface Timing 
(Applies to Both Z8001 and Z8002) 
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Figure 4-34 — Z8001 to MC6890 Hardware Interface 
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ADDRESS DECODERS 


Most microprocessor-based systems contain some 
form of address decoding in which the address bus 
is decoded to provide separate select lines for each 
address or group of addresses within the memory 
map. When memory space is limited, and a maximum 
number of devices are to be used, a complete decode 
of all address lines is often implemented. In this way, 
each device will be assigned only the exact number 
of memory locations that it requires. This approach 
makes efficient use of memory space at the expense 
of additional hardware. Figure 5-1 contains an example 
address decoder composed of discrete logic gates. The 
output is valid for only 1 specific address within the 
memory map. 

Still more efficient use of memory space can be 
achieved by placing the MC6890 at the same address 
as a byte of ROM. Since the MC6890 is essentially a 
form of write only memory, and should only be 
accessed during a MPU write cycle, the R/W line of the 
microprocessor can be used to differentiate between 
ROM and the MC6890. The ROM will be accessed only 
by a microprocessor read cycle; the MC6890 will be 
accessed only during a microprocessor write cycle. 
Figure 5-2 demonstrates how the MC6890 would be 
used in a ROM overlay situation. 

This idea can be extended to the case where the 
MC6890 is overlaid upon a byte of RAM. Each time 
that the processor writes to the MC6890, it also writes 
to that RAM location; therefore the RAM always con- 
tains the last value written to the MC6890 bus register. 
Figure 5-3 contains an illustration of the RAM overlay 
principle. Note that the RAM is enabled whenever the 
bus address falls within the 3F00 to 3FFF range, while 
the MC6890 is enabled only at address 3FFF. 

If memory space is not at a premium, an incomplete 
decode of the address bus can be used. Often a single 
IC can serve as acomplete address decoder. The simple 
decoder in Figure 5-4 divides up the address space from 
2000H to 3FFFH into 8 equal increments. It consists 
of a single 74LS138 high-speed 1-of-8 decoder which 
is often used in address decoder applications. 

Another IC useful for this type of application is the 
74L8133 NAND gate already used in Figures 5-1 and 
5-2. Figure 5-5 demonstrates how a single 74LS1383 


can provide an address decode for an 8-byte wide 


stretch of addresses. 

A 74LS1383 and a 74LS138 can be combined into a 

more elaborate (with more efficient use of memory 
space) decoder which can provide enable signals 
for up to 8 separate, consecutive memory locations. 
This block of memory can be moved up or down in 
the memory map by selectively inverting various 
inputs of the 74LS133. See Figure 5-6. 
Note: This section uses the conventions that AO 
represents the least significant bit of an address bus, 
and that a bar over any label indicates that it is an 
active low quantity. This section limits itself to address 
decoding as related to memory mapped I/O. Many of 
the ideas conveyed here are also applicable to devices 
with a separate I/O address range. 

All of the address decoders discussed here are 
intended as examples. User designs will be built with 
a specific processor and application in mind, with 
decoder structure varying accordingly. 
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Figure 5-1 — Decoder Output Goes Low When 
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Figure 5-2 — ROM Overlay Decoder for MC6890 
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Figure 5-3 — MC6890/RAM Overlay at Address = 3FFF 
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SAMPLE MC6890 APPLICATIONS 


74LS138 I. General-Purpose Successive Approximation 
Analog-to-Digital Converter 
The ADC circuit (Figure 6-1) is a software intensive 


500022 3EE circuit which relies on the microprocessor to indivi- 






540022 7FE dually test and set each bit. Conversion program flow 
. 2800-2BEE should be as follows: 
2COO-2FFF 
. 3000-33FF Variables: DAC = contents of the MC6890 
3400-37FF Bus and DAC registers 
3800-3BFF . 
3COO-3FFF TEST = comparator output bit, 
available at a second address on 
the bus 





1. Set DAC = 10000000 
2. If (TEST = 0) go to Step 4 
3. Set DAC = 00000000 
4, Set Bit 6 of DAC 
5. If (TEST = 0) go to Step 7 
6. Reset Bit 6 of DAC 
7. Set Bit 5 of DAC 
8. If (TEST = 0) go to Step 10 
9. Reset Bit 5 
10. Set Bit 4 of DAC 
FFF8-FFFF * 
74LS133 O-—— (active Low) ° 
. . Continue setting and 
. testing each bit in 
a turn. 
r 
» 
Set Bit 0 of DAC 
If (TEST = 0) then END 
Reset Bit 0 
Figure 5-5 — NAND Gate Address Decoder END 


Note: This circuit can also be used as a program- 
mable level detector in applications such as tempera- 
ture control, humidity control, etc. It is useful in any 
application in which an external voltage must be com- 
pared to some predetermined reference. 


II. Programmable Power Supply 

7415133 D— - Figure 6-2 utilizes an MC6890 current to voltage 
, conversion Op Amp, and an MC1723 voltage regulator 
to build a programmable power supply which is 
microprocessor compatible. The power supply output 
voltage range (typically 2-37 volts) is defined to a large 
extent by the ratio of Rl and R2, and the digital 
information sent to the MC6890. The voltage output 
will be: 
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Figure 5-6 — Unique Address Line Selection where “‘A”’ is the MC6890 digital input code. For more 
information on the MC1728 refer to Motorola’s Linear 
Integrated Circuits Data Book. 
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Figure 6-1 — General-Purpose Successive Approximation Analog-To-Digital Converter 
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Figure 6-2 — Microprocessor Programmable Power Supply 
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